The 3-D supersonic viscous h in an experimental MHD channel has been numerically simulated. The experimental MHD channel is currently in operation at NASA Ames Research Center. The channel contains a nozzle section, a center section, and an accelerator section where magnetic and electric fields can be imposed on the flow. In recent tests, velocity increases of up to 40% have been achieved in the accelerator section. The flow in the channel is numerically computed using a new 3-D parabokd NavierStokes (F"S) algorithm that has been developed to efficiently compute MHD flows in the low magnetic Reynolds number regime. The MHD effects are modeled by introducing source terms into the PNS equations which can then be solved in a very e5uent manner. To account for upstream (elliptic) effects, the flowfield can be computed using multiple streamwise sweeps with an iterated PNS algorithm. The new algorithm has been used to compute two test case^ that match the experimental conditions. In both GWS, magnetic and electric fields are applied to the flow. The computed results are in good agreement with the available experimental data.
Introduction
Magnetohyrodynamics (MHD) can be utilized to improve performance and extend the operational range of many systems. Potential applications include hypersonic cruise, advanced Earth-borbit propulsion, chemical and nuclear space propulsion, regenmathe ' is about a half meter long and contains a n o d e section, a center section, and an accelerator section. The channel has a uniform width of 2.03 cm. Magnetic and electric fields can be imposed upon the flow in the accelerator section. A cross section of the MHD channel is shown in Fig. 1 .
In the present study, the flow in the experimental MHD channel is numerically simulated. Flowfields involving MHD && have typically been computed [3-151 by solving the complete NavierStokes (N-S) equations for fluid flow in conjunction with Maxwell's equations of electromagnetdynamics. When chemistry and turbulence effeas are also included, the computational eEort required to blve the resulting coupled system of partial dif€erential equations is extremely formidable. One possible remedy to this problem is to use the parabolized Navier- 
Governing Equations
The governing equations for a viscous MHD flow with a small magnetic Reynolds number are given by Ohm's law where V is the velocity vector, B is the magnetic field vector, E is the electric field vector, and J is the conduction current density.
The governing equations are nondimensionalkd using the following reference variables: For turbulent flows, the t-layer Bddwjn-Lamax turbulence model [25] has been modified to accoullt for MHD ef€ects. Only the expression for turbulent viscosity in the inner layer is changed. This modification for MHD flows is due to Lykoudis [26] .
Numerical Method -
The gowning PNS equations with MHD source terms have been incorporated into NASA's upwind PNS (UPS) code [19] . These equations can be solved very efficiently using a single sweep of the flowfield for many applications. where and the superscript k+l denotes the current iteration (Le. sweep) level. In the preceding equation, the MHD source term, S-D, is treated explicitly since it is evaluated using the velocity at station i (Vi). For most cases, this will not degrade the accuracy of the solution since A t is small and the velocity changes slowly. If this is not the case, a predictor-corrector procedure can be implemented whereby a predicted velocity at station i+l ( V l~l ) is first obtained using Eq. (24) . The solution at station i+l is then recomputed by evaluating SMIID with V i~l -
Numerical Results
The numerical calculation of the supersonic flow in the experimental MHD channel is now dixmsed. to simulate equilibrium air. The channel wall temperature was assumed to be isothermal since steady flow conditions were maintained in the experiment for only about 1.2 millisecon ds. A schematic of the powered portion of the MHD channel with the directions of the applied magnetic and electric fields-is shown in Fig. 2 . The values of the electrical conductivity (ue), the magnetic field (B,), and the electric field (E,) were kept constant in the powered portion of the channel. Two test case corresponding to Runs 15 and 16 of the NASA Ames experiments 1291 were computed in this study and are now discussed. where the subscript o denotes total conditions at the nozzle entrance and w denotes wall conditions. This case was computed using several Herent electric field strengths in order to properly simulate the experiment. In the experiment, the voltage applied to the electrodes was appmxbately 134 V fix this case, however, due to the sheath voltage drop, the actual voltage applied to the flow is d e r than the electrode voltage. The voltage drop was measured for the central inviscid core flow, and was appmximatd Y 67 V [2]. Since the boundary layer is computed in the numerical solution, the applied electric field must be approximately the voltage drop across the electrodes minus the sheath voltage drop. Unfortunately, it is not a trivial task to measure the sheath voltage drop. Therefore, several B e r e n t electric fields were chosen in the numerical calculations so that the corre- The computed streamwise variation of static pressure for the 2-D calculations is shown in Fig. 3 for the different electric field strengths. The pressure variation with no electric field or magnetic field is denoted by E, = 0 . The results are in reasonable agreement with the experiment. The numerical results show an increase in static pressure as the electric field strength is increased.
T e s t Case
The computed streamwise variation of averaged velocity for the 2-D calculations is shown in Fig..4- The velocities are averaged across t h e chamel cl~ss section and normalized using the entrance velocity to be consistent with the experiment. In the experiment, the velocities were obtained by measuring the voltage generated by the tlow at the last electrode pair This test case was also computed using several different electric field strengths in order to properly simulate the experiment. The computed streamwise variation of static pressure for the 2-D calculations is shown in Fig. 7 for the different electric field strengths. The computed pressures are in good agreement with the experimental pressures. The computed streamwise variation of averaged velocity for the 2-D calculations is shown in Fig. 8 . The numerical results indicate an increase in the averaged velocity of about 31% with E, = 7000 V/m. This is less than the value of 38% that was obtained in the experiment. The corresponding streamwise variation of averaged velocity
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for the 3-D calculations is shown in Fig. 9 . The numerical results indicate an increase in the averaged velocity of about 30% with Ey = 7000 V/m which is again less than the experimental value of 38%.
Concluding Remarks
In this study, a new 3-D parabolized Navier-Stokes algorithm has been developed to &ciently compute MBD flows in the low magnetic Reynolds number regime. The new algorithm has been used to compute the flow in the NASA Ames experimental-MHD channel for Runs 15 
